ABSTRACT. Interest in cover crops has been increasing in the Texas
he Texas Rolling Plains (TRP) region is predominately made up of monoculture cropping systems, with cotton and wheat accounting for more than one million hectares. In recent times, there has been an increasing interest in cover crops in this region, mainly to build soil health, which is defined as "the continued capacity of soil to function as a vital living ecosystem that sustains plants, animals, and humans" (NRCS, 2017) . A cover crop is a transition crop between two production systems, and it has the potential to provide multiple benefits, such as preventing soil erosion, improving soil physical and biological properties, supplying nutrients, suppressing weeds, improving the availability of soil water, and breaking pest cycles. Many researchers have emphasized that cover crops increase soil organic matter, infiltration rate, and nitrogen fertilizer use efficiency (Bordovsky et al., 1999; Veenstra et al., 2007; Li et al., 2008) . In contrast, several other researchers (Balkcom et al., 2007; Dabney et al., 2001) reported a potential disadvantage of reducing soil water for subsequent cash crops when growing cover crops.
Some of the field studies (Baughman et al., 2007; Dozier et al., 2008; Keeling et al., 1996) conducted in the TRP and the adjacent Texas High Plains (THP) regions have also reported a decrease in soil water due to introducing cover crops into traditional cropping systems. However, other recent field studies in the TRP region have indicated that cover crops have not affected soil water availability for the main crop. Various researchers (Baumhardt and Lascano, 1999; Lascano et al., 2015) found no significant impact of a wheat cover crop on subsequent cotton fiber yield in both dryland and irrigated systems. Sij et al. (2004) also found no significant difference in cotton fiber yield because of rye cover crop over a three-year period. Balkcom et al. (2007) noted that the impact of cover crops on soil water was dependent on rainfall distribution in relation to crop development.
Analysis of long-term water balances under cover cropbased cropping systems in comparison to traditional cotton monoculture systems will enable a better understanding of the impacts of cover crops on soil water availability for cotton and on seed cotton yield under varied weather conditions. The Decision Support System for Agrotechnology Transfer (DSSAT) cropping system model (CSM) is useful for this purpose. According to Jones et al. (2003) , the DSSAT CSM is a suitable alternative for conducting longterm on-farm water management studies in areas where water availability is a major concern. Salmerón et al. (2014) used the DSSAT CSM to evaluate the impact of a cover crop-maize rotation on N leaching for a range of soil types and irrigation management practices in Spain. Modala et al. (2015) used the DSSAT CSM-CROPGRO-Cotton model to identify appropriate deficit-irrigation strategies for increasing water use efficiency in the TRP region. Recently, Adhikari et al. (2016) used the CSM-CROPGRO-Cotton model to simulate future (2041-2070) seed cotton yields in the THP region under increasing and constant atmospheric CO 2 concentration scenarios.
The DSSAT CSM-CROPSIM-CERES (Crop Estimation through Resource and Environment Synthesis)-Wheat model has also been used by many researchers (Lobell and Ortiz-Monasterio, 2006 ; Thorp et al., 2010) for evaluating various water management strategies for wheat in different geographic locations of the world. Recently, Attia et al. (2016) calibrated and evaluated the DSSAT-CERES-Wheat model for the THP region and simulated winter wheat responses to irrigation management. They reported that the calibrated model responded very well to different levels of irrigation, ranging from dryland to full irrigation, and simulated wheat yield (aboveground biomass) accurately. The DSSAT CSM has also been used by various other researchers (He et al., 2013; Timsina et al., 2008; Panda et al., 2003) to develop irrigation scheduling tools for wheat. All of the above-mentioned researchers adequately tested their models against field measurements before addressing the research questions related to crop and water management. Almost all of these studies used only one of the crop modules available in the DSSAT-CSM model and simulated the effects of different crop management practices and climate variability on various processes during the main (summer) cropping season only. They did not simulate soil-related processes in fallow periods between two summer crop seasons, and initial conditions were reset prior to each crop season. In this study, we used two different crop modules (CROPGRO-Cotton and CERES-Wheat) sequentially over a continuous four-year period and simulated daily soil-related processes continuously by including fallow periods between cotton and wheat cover crop seasons.
Winter wheat is one of the major small-grain crops typically planted for grain or forage in the TRP region. The TRP region accounts for ~29% of the winter wheat area in Texas (USDA, 2012) . In recent times, along with other crops, winter wheat has been increasingly grown as a cover crop in TRP cotton production systems. Some of the other cover crops recommended for the southern U.S. are rye, oats, hairy vetch, and crimson clover (Clark, 2007) . Winter wheat was selected as a cover crop for this study because it is readily grown and available in the TRP region. Depending on weather suitability, winter wheat also offers flexibility for growth as a cover crop, forage crop, or cash crop for grain, making it a popular choice to help growers minimize risk. In addition, winter wheat can withstand extreme winter weather conditions, and it provides a good option to control wind erosion during early spring, when the TRP region commonly experiences high wind speeds. Considering the growing interest in incorporating winter wheat cover crop into cotton production systems in the TRP, research must address the potential impacts to traditional cropping systems. Therefore, the objectives of the study were to: (1) evaluate the DSSAT CSM CROPGRO-Cotton and CERES-Wheat modules for the TRP region using measured data from cover crop (winter wheat and cotton) experiments at the Texas A&M AgriLife Research Station at Chillicothe, and (2) assess the long-term effects of growing winter wheat as a cover crop on water balances and seed cotton yield.
MATERIALS AND METHODS

STUDY AREA: THE TEXAS ROLLING PLAINS
The TRP region consists of 22 counties in north-central Texas, and it borders Oklahoma to the north ( fig. 1) . The annual precipitation in the TRP region ranges from 460 mm in the west to 760 mm in the east, with most occurring between May and September. Major crops grown in the TRP region are cotton, winter wheat, and sorghum, and the major source of irrigation water is the Seymour Aquifer. Almost 90% of the groundwater pumped from this aquifer is used for irrigation, with the remainder used primarily for municipal supply (http://www.twdb.texas.gov). The most common method of irrigation in the TRP region is center-pivot sprinkler irrigation. In this study, measured data from cover crop experiments at the Texas A&M AgriLife Research Station at Chillicothe in the TRP were used to calibrate and evaluate the CROPGRO-Cotton and CERES-Wheat modules in the DSSAT CSM. The dominant soil types at the Chillicothe research station are Grandfield fine sandy loam, Abilene clay loam, Tipton loam, and Motely loam.
DSSAT CROPPING SYSTEM MODEL (CSM)
The DSSAT platform integrates different crop models and a detailed database management system consisting of soil characteristics, weather parameters, and management practices with various application programs (Hoogenboom et al., 2010) . The DSSAT 4.6.0.038 version was used in the current study. It brings together 42 individually developed crop modules in a single platform (Hoogenboom et al., 2015) . The CSM-CROPGRO-Cotton and CSM-CROPSIM-CERES-Wheat modules were used in this study. Based on the weather, soils, crop management, and cultivar-related input data, the CSM-CROPGRO-Cotton model simulates cotton growth and seed cotton yield as well as soil water, C, and N processes over time. In addition, the CSM-CROPGROCotton model estimates the onset dates of various crop development stages based on photothermal unit accumulation from planting to harvest (emergence; first leaf, flower, seed and crack boll; and 90% open boll), and the model simulates flower and fruit numbers. Similarly, the CSM-CROPSIM-CERES-Wheat model simulates crop growth and development of wheat in response to weather and management factors (Ritchie and Otter, 1985) . Wheat development proceeds through nine growth stages based on photothermal unit accumulation from planting to harvest, and leaf numbers are computed during vegetative growth stages. The CERESWheat module uses carbon, nitrogen, and water balance principles to simulate the processes that occur during the growth and development of wheat plants within an agricultural system.
Both the CSM-CROPGRO-Cotton and CSM-CROPSIM-CERES-Wheat modules require various crop management, environment, and cultivar-related information as inputs (Hunt et al., 2001) . Important crop management parameters include the method of irrigation, irrigation dates and amounts, fertilizer application method, fertilizer amount and application dates, tillage type, tillage depth and dates, planting date and method, seedling placement depth, plant population, row spacing, and harvest method and date. Weather parameters required as inputs are daily maximum and minimum air temperature, incoming daily solar irradiance, and precipitation, while dew point temperature and wind speed are optional. Cultivar information is incorporated in three files for the cultivar (COGRO046.CUL for cotton, and WHCER046.CUL for wheat), ecotype (COGRO046.ECO and WHCER046.ECO), and species (COGRO046.SPE and WHCER046.SPE).
In the DSSAT CSM, the seasonal and annual water balances are calculated using the following relationship:
where ΔS is change in soil water (mm), I is amount of irrigation (mm), P is precipitation (mm), D is drainage (mm), R is runoff (mm), T is transpiration (mm), E soil is soil evaporation (mm), and E mulch is evaporation from the mulch surface (mm).
MODEL INPUTS Weather Data
Daily weather data for this study, such as the maximum and minimum air temperature, incoming daily solar irradiance, precipitation, dew point temperature, and wind speed, were obtained from the Texas High Plains Evapotranspiration Network (TXHPET) weather station at the Chillicothe Research Station for the period from 2000 to 2015 (Porter et al., 2005) . Missing weather data for the Chillicothe Research Station were filled in using measured data from nearby weather stations located at Vernon/Lockett, Texas (TXHPET), Odell, Texas (operated by the West Texas Mesonet), and Altus, Oklahoma (operated by the Oklahoma Mesonet).
Crop Management Data
Crop management data for both cotton and winter wheat (grown as a cover crop) were obtained from the cover crop experiments at the Chillicothe Research Station ( fig. 1 ) during the period from 2011 to 2015. These experiments consisted of cotton production systems under four treatments: (1) irrigated cotton without a cover crop (CwoC-I), (2) irrigated cotton with winter wheat as a cover crop (CwC-I), (3) dryland cotton without a cover crop (CwoC-D), and (4) dryland cotton with a winter wheat cover crop (CwC-D). Four replications of each treatment were established. Cotton seeds were planted using a mechanical planter at 1 m row spacing. Plots within the irrigated and dryland systems were 18 m × 8 m and 12 m × 8 m in size, respectively. A mechanical harvester was used to harvest cotton, and harvested subsamples were ginned to obtained fiber yields. Irrigation water for the irrigated treatments was supplied through a centerpivot system with a goal to achieve 85% ET replacement based on data obtained from the TXHPET network. The details of tillage, crop, and irrigation management practices adopted for cotton and winter wheat at Chillicothe are outlined in table 1.
Soil Data
The DSSAT CSM requires various soil parameters as inputs, including sand, silt, and clay contents, bulk density, drained upper limit (DUL), lower limit (LL), slope, albedo, color, drainage coefficient, saturated water content, hydraulic conductivity, organic C content, and total soil N. The dominant soil type in both irrigated and dryland fields at Chillicothe is Grandfield fine sandy loam (fine-loamy, mixed, superactive, thermic Typic Haplustalfs), which is characterized as a well-drained soil that is suitable for cotton cultivation (USDA, 2008) . Soil water was measured in each plot during two-week intervals using neutron probes at 0-20, 20-40, 40-60, 60-80 , and 80-140 cm depths. In addition, soil samples were collected from both irrigated and dryland experimental plots at 0-15, 15-30, 30-45, 45-60, 60-75, 75-90, 90-105 , and 105-120 cm depth intervals. All soil samples were air-dried, ground, and sieved with a 2 mm sieve in the Texas A&M AgriLife Research Geospatial Hydrology laboratory at Vernon. Soil samples were then analyzed for soil texture, organic matter (OM), soil organic carbon (SOC), pH 1:1 , nitrate, cation exchange capacity (CEC), sodium, phosphate, and calcium in the Ward Laboratory at Kearney, Nebraska, following standard procedures (table 2) . Other soil parameters, such as drained upper limit (DUL), lower limit (LL), soil water at saturation (SSAT), saturated hydraulic conductivity (SSKS), and bulk density (BD), were estimated using the SBuild soil data tool in DSSAT (Uryasev et al., 2004) . The exponential decay function provided within DSSAT was used to estimate soil root growth factor (SRGF).
MODEL CALIBRATION AND EVALUATION
Model calibration generally involves systematic adjustment of model parameters until an acceptable agreement between measured experimental data and simulated model output is achieved, whereas evaluation is the process of determining the degree of accuracy of the calibrated model with real-world observations. In this study, four DSSAT sequential projects (one for each treatment) were created. The CSM-CROPGRO-Cotton and CSM-CROPSIM-CERESWheat modules within the DSSAT CSM were then calibrated and evaluated using the measured data from cover crop experiments at the Chillicothe Research Station. Measured soil water data from 0-20, 20-40, 40-60, 60-80, and 80-140 As the DSSAT database does not contain the DP1219 cotton and TAM112 wheat cultivars that were used in the Chillicothe experiments, we added them as new cultivars in the cotton and wheat cultivar files, respectively, and populated their parameters based on the closest available varieties in the model database. We then set up the upper and lower bounds for important cultivar and ecotype parameters that govern the crop growth and development, crop phenology, and crop yield for cotton and wheat based on the calibrated values included for other cultivars in the DSSAT database [a] Similar management practices were adopted for dryland cotton except that fertilizer was not applied. [b] For irrigated cotton, 30 to 60 kg N ha -1 was additionally input to the system to account for about 20 mg L -1 of NO 3 -N available in the irrigation water (DeLaune and Trostle, 2012). SOC = soil organic carbon, TN = total nitrogen concentration, CEC = cation exchange capacity, BD = bulk density, LL= lower limit, DUL = drained upper limit, SSAT= soil water at saturation, SSKS = saturated hydraulic conductivity, and SRGF = soil root growth factor
and calibrated values reported for the TRP and THP regions in published studies. These important parameters were adjusted manually during the model calibration to improve the model simulation. The effects of adjusting each sensitive parameter in the cotton and wheat cultivar and ecotype files on model performance were studied by comparing simulated and measured soil water, seed cotton yield, and aboveground wheat biomass. The model calibration was carried out in three steps. Initially, simulated daily soil water content in the 0-20, 20-40, 40-60, 60-80 and 80-140 cm depth profiles was compared with the measured soil water content. Second, the simulated onset dates of various cotton and wheat phenological stages were compared with typical dates in the study area. Finally, the simulated and measured seed cotton yield and aboveground biomass of wheat were compared. The performance of the crop modules during calibration and evaluation was assessed following the procedure suggested by Yang et al. (2014) . Four statistical parameters, including the coefficient of determination (r 2 ) (Legates and McCabe, 1999) , percent root mean squared error (%RMSE, which is the RMSE divided by the mean of measured values, expressed as a percentage), index of agreement (d) (Willmott et al., 1985) , and percent error (PE), were used to test the model performance. The r 2 ranges between 0 and 1, with 0 and 1 indicating "no fit" and "perfect fit", respectively, between the simulated and measured values. The %RMSE varies between 0 and ∞, and values closer to 0 indicate better agreement between the simulated and measured values. The d value ranges between 0 (no agreement) and 1 (perfect fit). The PE ranges from -100 to ∞, and smaller absolute PE values closer to 0 indicate better agreement. We aimed to maximize r 2 during soil moisture calibration and minimize PE during yield/biomass calibration, while making sure that the remaining performance statistics were within the acceptable ranges.
LONG-TERM WATER BALANCES AND SEED COTTON YIELD
The calibrated DSSAT CSM was used to assess the effects of growing winter wheat as a cover crop on annual water balances and seed cotton yield sequentially over a longterm weather record. Simulations for both dryland and irrigated treatments were run over the period from 2000 to 2015, and the results for the year 2000 were excluded from the analysis by considering it as the model warm-up period (Daggupati et al., 2015) . The auto-irrigation tool in the DSSAT CSM was used for estimating irrigation requirements for cotton over the growing season under the CwoC-I treatment. Irrigation was triggered when soil water was depleted to 50% of available soil water, and irrigation water was applied until the soil profile was filled to field capacity. For accurate comparison of the effects of cover crops, the same amount of irrigation water that was estimated for cotton under the CwoC-I treatment, using the auto-irrigation tool, was applied on respective dates for cotton in the CwC-I treatment. Additionally, auto-irrigation was implemented for the CwC-I treatment to verify if the negative effects, if any, of cover crops on seed cotton yield can be overcome by applying more irrigation water.
RESULTS AND DISCUSSION
CALIBRATION AND EVALUATION
The cotton and winter wheat genetic coefficients that were adjusted during model calibration are presented in tables 3 and 4, respectively. A total of 17 cultivar and ecotype parameters were adjusted during the CSM-CROPGROCotton model calibration (table 3) . Photothermal time between plant emergence and flower appearance (EM-FL), which was important for calculating the onset of flowering, was tested between 34 and 52 and adjusted to 48. Photothermal duration between first flower and first pod (FL-SH), which was important to simulate the timing of first boll, was adjusted to 4, and photothermal time between first flower and end of leaf expansion (FL-LF) was adjusted to 50 days. Similarly, other sensitive parameters that affect the photosynthesis rate, transpiration, and assimilation of carbon in Modala et al. (2015) for the TRP region and by Adhikari et al. (2016) for the nearby THP region.
Ecotype parameters adjusted during the CSM-CROP-GRO-Cotton model calibration were relative width of the ecotype in comparison to standard width per node (RWDTH), relative height of the ecotype in comparison to standard height per node (RHGHT), and photothermal time from first flower to last leaf on main stem (FL-VS), which were important for correctly simulating canopy width, canopy height, and cessation of the stem elongation, respectively (table 3) .
Eleven winter wheat cultivar and ecotype genetic coefficients were adjusted during calibration of the CSM-CERESWheat model (table 4). The adjusted parameters that control winter wheat growth and development were the number of thermal units required to complete the P1 stage (P1), a parameter that controls the rate of development in relation to photoperiod in the P1 stage to improve simulation of Zadoks scale (P1D), number of optimum days required to complete vernalization (P1V), duration of phase from double ridges to end of leaf growth (P2), duration of phase from the end of leaf growth to end of spike growth (P3), and interval between successive leaf tip appearances (PHINT). After achieving a satisfactory calibration of wheat development, wheat biomass growth parameters, such as conversion rate from photosynthetically active radiation to dry matter before the end of leaf growth (PARUV) and conversion rate from photosynthetically active radiation to dry matter ratio after the end of leaf growth (PARUR), were adjusted. Finally, parameters that influence wheat yield, such as kernel number per unit canopy weight at anthesis (G1), standard kernel size under optimum conditions (G2), and standard non-stressed dry weight of a single tiller at maturity (G3), were adjusted. The calibrated values of P1, P1D, and P1V in this study were 400, 68, and 10, respectively (table 4). Although the calibrated value of P1V in this study matched with that reported in a recent study by Attia et al. (2016) for the nearby THP region, their calibrated values for P1 (420) and P1D (80) were higher. These small differences were probably due to the differences in weather parameters, planting dates, as well as cultivars.
Simulated soil water in different soil depth profiles matched reasonably well with measured soil water during the calibration period for the CwoC-I ( fig. 2) , CwC-I ( fig. 3) , CwoC-D (fig. 4) , and CwC-D ( fig. 5 ) treatments, as indicated by satisfactory performance statistics, e.g., r 2 varied between 0.66 and 0.82 (median = 0.75) for dryland treatments and between 0.57 and 0.89 (median = 0.70) for irrigated treatments. In general, the agreement between simulated and measured soil water was better for deeper soil depth profiles (%RMSE ranged from 4% to 32.9%) compared to the 0-20 cm soil layer (%RMSE ranged from 72.4% to 101%) during the calibration period. The model performance during the evaluation period was reduced, as indicated by lower performance statistics (r 2 varied between 0.22 and 0.65 for dryland treatments and between 0.34 and 0.81 for irrigated treatments). Once again, the agreement was better for deeper soil depth profiles (%RMSE ranged from 7.6% to 34.5%) compared to the 0-20 cm soil layer (%RMSE ranged from 33.4% to 43.7%). However, the differences in performance statistics between the 0-20 cm soil profile and deeper soil profiles was reduced substantially during the evaluation period when compared to the calibration period. One of the reasons for poor agreement in the case of the 0-20 cm soil profile was several unrealistically low (close to zero) measured soil water contents during the cotton harvest period, which might have resulted from measurement or instrument calibration errors. A potential reason for poor prediction during the evaluation period when compared to the calibration period could be the evaluation of the model over the relatively wet years of 2014 and 2015 when compared to the normal calibration year of 2013. Overall, based on visual assessment of the simulated versus observed soil water plots (figs. 2 through 5) and the performance statistics achieved for all soil profiles, the soil water calibration can be considered satisfactory.
The simulated onset dates of various phenological stages, such as emergence and anthesis, by the CROPGRO-Cotton and CERES-Wheat modules were within the ranges observed in the TRP region during the model calibration and evaluation (tables 5 and 6). While the observed data on cotton phenological stages were obtained from a published report (Robertson et al., 2007) , the observed data for winter wheat were obtained from field experiments at Chillicothe, Standard non-stressed dry weight of a single tiller at maturity (g) 0.7-1.10 1 except for a few occasions. Although the simulated cotton physiological maturity durations varied among various years and treatments, they were mostly within the observed ranges for the TRP region (table 5) . Differences in maturity duration might have been due to differences in photothermal duration, precipitation, and other weather-related parameters during the growing seasons. Winter wheat was terminated before maturity in these experiments; hence, this phenological stage could not be compared (table 6) . Simulated seed cotton yield matched well with the measured data from the CwoC-I, CwC-I, CwoC-D, and CwC-D treatments during the calibration and evaluation periods, as indicated by the model performance statistics (r 2 , %RMSE, d, and PE) achieved during the model calibration and evaluation (table 7) . The PE for seed cotton yield simulation ranged between -12% and -7.1% during the calibration period and between -36.7% and 38.9% during the evaluation period (table 7) . The average PE between the simulated and measured seed cotton yield was -10.1% and -1% during the calibration and evaluation periods, respectively. The d value during the calibration and evaluation periods was 0.99 and 0.95, respectively. In general, the CSM-CROPGRO-Cotton model predicted seed cotton yield better under dryland conditions (CwoC-D and CwC-D) when compared to irrigated conditions (CwC-I and CwoC-I) in this study. Overall, except for three cases, the PE for seed cotton yield prediction was within ±14%.
The aboveground wheat biomass simulated by the CSM-CERES-Wheat model also showed good agreement with the measured data under both irrigated and dryland conditions during the model calibration and evaluation periods (table 8). The PE for winter wheat aboveground biomass prediction ranged between 6.4% and 11% (with an average of 8.9%) during model calibration and between -32% and 30.4% (with an average of -0.9%) during evaluation. The %RMSE and r 2 were 9.1% and 0.99, respectively, during model calibration and 21.8% and 0.72, respectively, during evaluation.
EFFECT OF WINTER WHEAT COVER CROP ON WATER BALANCE COMPONENTS
The long-term simulated water balance components, including transpiration, runoff, soil evaporation, mulch evaporation, drainage, and change in soil water, under dryland and irrigated cotton systems with and without cover crops are presented in figures 6 and 7. The simulated average (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) annual change in soil water was -4.8 mm (ranged from -118.0 to 63.7 mm) and -0.8 mm (ranged from -114 to 65.2 mm) for the CwC-D and CwoC-D treatments, respectively, indicating no distinguishable effect of winter wheat on soil water availability for succeeding cotton crops ( fig. 6) . However, the differences in other water balance components, such as mulch evaporation, soil evaporation, and transpiration, were substantial between the CwC-D and CwoC-D treatments. While mulch evaporation and transpiration were higher in the CwC-D treatment, soil evaporation was higher in the CwoC-D treatment. For the cover crop treatment, the presence of surface residue reduced the water evaporation from soil surfaces. There were no significant differences in drainage and runoff between the CwC-D and CwoC-D treatments.
In the irrigated system, there was no substantial difference in the simulated average (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) annual change in soil water between the CwC-I (0.3 mm) and CwoC-I (3.9 mm) treatments ( fig. 7) . Excluding two outliers, interestingly, the interannual variability in the change in soil water was less for the cover crop treatment compared to the nocover-crop treatment. As expected, higher transpiration was simulated for the CwC-I treatment compared to the CwoC-I treatment, which was due to additional transpiration from the cover crop. Distinguishably lower soil evaporation was simulated for the CwC-I treatment compared to the CwoC-I treatment due to surface cover from wheat during winter. Previous studies (Mitchell et al., 2015; Alcántara et al., 2011) reported mixed results on the effects of cover crops on soil water. In a study conducted in an irrigated field in the Central Valley of California, Mitchell et al. (2015) observed soil water depletion of 0.67 to 5.3 cm from the 0 to 90 cm soil profile under three winter cover crop mixes compared to a fallow system during two winter seasons (January to March). In contrast, Alcántara et al. (2011) reported no significant reductions in soil water due to growing and late mowing (24 April) of cruciferous cover crops when compared with a bare soil control in a field experiment in southern Spain. Therefore, the distribution of precipitation in the spring and the termination date of cover crops play an important role in soil water storage.
EFFECT OF WINTER WHEAT COVER CROP ON SEED COTTON YIELD
The simulated seed cotton yield and growing season precipitation from 2001 to 2015 for the CwoC-I, CwC-I, CwoC-D, and CwC-D treatments are presented in figure 8 . When compared to the CwoC treatment, the simulated seed cotton yield for the CwC treatment changed within a range of -10.9% and 0% (average of -4.5%) under irrigated conditions and within a range of -20.2% and 10.1% (average of -6.3%) under rainfed conditions. Under irrigated conditions, for accurate comparison of the effects of cover crops, the amount of irrigation water applied was kept the same for the CwoC-I and CwC-I treatments in this study. In an alternate scenario, when auto-irrigation was used for the CwC-I treatment, about 5% (average over [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] more irrigation water was applied to the cotton crop, and the average simulated seed cotton yield was reduced by only 2% (range of -6.4% to 4.3%) under the CwC-I treatment when compared to the CwoC-I treatment (results not shown). The simulated seed cotton yield was found to be sensitive to the winter wheat termination date. In general, producers vary the cover crop termination date depending on weather conditions and soil water status. However, in these long-term simulations, the cover crop termination date was set as 20 April for all years, which resulted in higher interannual differences in seed cotton yield between the CwC and CwoC treatments, especially under dryland conditions ( fig. 8) . Overall, the results from this study indicate that the effect of a winter wheat cover crop on seed cotton yield was not substantial under the simulated conditions at Chillicothe.
Long-term (17 years) winter cover crop studies conducted in cotton production systems at the University of Arkansas Delta Branch Station showed both positive and negative results on cotton yield in individual years (Keisling et al., 1994) . The researchers reported that cotton yields in cover crop treatments were lower in years with a dry spring [a] CwC-I = irrigated cotton with cover crop, and CwC-D = dryland cotton with cover crop. NA = not applicable; winter wheat was terminated prior to maturity. [b] From cover crop experiments at Chillicothe, Texas. [a] CwoC-I = irrigated cotton without cover crop, CwC-I = irrigated cotton with cover crop, CwoC-D = dryland cotton without cover crop, and CwC-D = dryland cotton with cover crop. [b] Robertson et al. (2007) . PE = percent error, %RMSE = percent root mean square error, d = index of agreement, and r 2 = coefficient of determination. [b] CwoC-I = irrigated cotton without cover crop, CwC-I = irrigated cotton with cover crop, CwoC-D = dryland cotton without cover crop, and CwC-D = dryland cotton with cover crop. [c] Measured seed cotton yield shown as average yield of four replications ± standard deviation. [a] PE is percent error, %RMSE is percent root mean square error, d is index of agreement, and r 2 is coefficient of determination. [b] CwC-I = irrigated cotton with cover crop, and CwC-D = dryland cotton with cover crop. [c] Measured aboveground wheat biomass yield shown as average yield of four replications ± standard deviation. and early summer and higher in years with a normal spring and good rainfall in July and August. Similarly, field studies conducted in the TRP region have also reported no effect of winter cover crop on cotton yield (Baughman et al., 2007; . In another field experiment in the Coastal Plain region of North Carolina, cover crops reduced corn yields due to the depletion of soil water during the earlyspring conditions (Ewing et al., 1991) . Although cover crop practices, in general, improve soil physical properties through faster infiltration and transmission of water, less crusting, and improved soil tilth, there was no guarantee of yield increase for the succeeding cash crops based on the results reported in the literature. Currently, the DSSAT CSM can simulate crop rotations very well, as demonstrated in this study, especially the dynamic soil water, nitrogen, and carbon simulations, as well as the simulation of a mulch layer on the surface. However, the current version of DSSAT cannot simulate dynamic changes in soil tilth that could occur during longterm crop rotations.
CONCLUSIONS
The CSM-CROPGRO-Cotton and CSM-CERES-Wheat models were successfully calibrated and evaluated for the TRP region using observed soil water and crop yield data from cover crop experiments (winter wheat as a cover crop followed by cotton) at the Texas A&M AgriLife Research Station at Chillicothe. The models demonstrated the potential to reasonably simulate soil water, seed cotton yield, and aboveground biomass of wheat under both irrigated and dryland conditions. The evaluated wheat and cotton modules were used to simulate the long-term (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) effects of growing winter wheat as a cover crop on soil water and seed cotton yield. Detailed water balance analysis showed no substantial differences in the average change in soil water between the CwC and CwoC treatments in both dryland and irrigated systems. Similarly, there was no substantial effect of cover crops on average seed cotton yield under both irrigated and dryland conditions. These results imply that winter wheat is a feasible cover crop for TRP cotton production, as it did not affect the soil water availability nor the yield for the succeeding cotton crop under the simulated conditions. Future efforts will focus on better quantifying the soil and water conservation effects of cover crops for the TRP region by identifying ideal cover crop termination dates and assessing the effects of cover crops on carbon and nitrogen balances in cotton production systems.
